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Available online 13 April 2016Recent lineage tracing studies showed that theprostate basal and luminal cells in adultmice are two independent
lineages under the physiological condition, but basal cells are capable of generating luminal progenies during
bacterial infection-induced prostatitis. Because acute bacterial infection in human prostate tissues is relatively
rare, the disease relevance of the bacterial infection-induced basal-to-luminal differentiation is uncertain. Herein
we employ a high fat diet-induced sterile prostate inﬂammation model to determine whether basal-to-luminal
differentiation can be induced by inﬂammation irrespective of the underlying etiologies. A K14-CreER model
and a ﬂuorescent report line are utilized to speciﬁcally label basal cells with the green ﬂuorescent protein. We
show that high fat diet promotes immune cell inﬁltration into the prostate tissues and basal-to-luminal differen-
tiation. Increased cell proliferation accompanies basal-to-luminal differentiation, suggesting a concurrent regula-
tion of basal cell proliferation and differentiation. This study demonstrates that basal-to-luminal differentiation
can be induced by different types of prostate inﬂammation evolved with distinct etiologies. Finally, high fat
diet also accelerates initiation and progression of prostatic intraepithelial neoplasia that are originated from
basal cells with loss-of-function of the tumor suppressor Pten. Because prostate cancer originated from basal
cells tends to be invasive, our study also provides an alternative explanation for the association between obesity
and aggressive prostate cancer.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Pten1. Introduction
Understanding how prostate epithelial lineage hierarchy is main-
tained is important since it helps reveal how prostate-related diseases
including benign prostatic hyperplasia (BPH) and prostate cancer are
initiated and progressed (Xin, 2013; Kwon & Xin, 2014; Lawson et al.,
2005). There are three types of epithelial cells in the prostate (Abate-
Shen & Shen, 2000). The secretory luminal cells form a layer surround-
ing the lumen. The basal cell layer is aligned between the basement
membrane and the luminal cells. The neuroendocrine cells are rare
and less well characterized. Recent lineage tracing studies including
ours showed that basal and luminal cells in adult mice are two, One Baylor Plaza, Houston, TX
. This is an open access article underindependent lineages under the physiological condition (Choi et al.,
2012; Liu et al., 2011; Lu et al., 2013;Wang et al., 2013). However, dur-
ing bacterial infection-induced prostatitis prostate basal cells undergo
proliferation and are capable of generating luminal cells (Kwon et al.,
2014). This basal-to-luminal differentiation is essential for initiation of
prostate cancer with a basal cell origin (Kwon et al., 2014). However,
acute bacterial infection in the prostate is relatively rare in human pa-
tients (Krieger & Riley, 2002). Therefore, the relevance of the bacterial
infection-induced basal-to-luminal differentiation to the human
prostate-related diseases is uncertain. In addition, it remains an open
question whether basal-to-luminal differentiation is able to be induced
by any types of prostate inﬂammation irrespective of the underlying
etiologies.
Obesity has been closely associated with higher risks for BPH pro-
gression and aggressive prostate cancer (De Nunzio et al., 2012; Allott
et al., 2013). Several studies have demonstrated that intake of high fat
diet can induce an inﬂammatory microenvironment in rodent prostatethe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. High fat diet promotes prostate growth. A–C: Dot plots showmeans ± s.d. of body weight (A), prostate weight (B), and total prostate cell numbers (C) of mice on regular fat diet
(RFD) and high fat diet (HFD). N = 8 for each group. D: FACS plots of prostate cell lineages in mice on HFD and RFD diets. Bar graphs show means ± s.d. of cell percentages. E:
Coimmunostaining of Ki67 and K8. F: H&E staining of anterior (AP), dorsolateral (DLP), and ventral (VP) prostate lobes of mice on RFD and HFD diets. Bars = 50 μm. Blue arrows point
to PIN1 lesions. Dot graph shows means ± s.d. of quantiﬁcation of PIN per mouse. ⁎:p b 0.05, ⁎⁎:p b 0.01, ⁎⁎⁎:p b 0.001.
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684 O.-J. Kwon et al. / Stem Cell Research 16 (2016) 682–691tissues (Shankar et al., 2012; Xu et al., 2015) and promote prostate can-
cer initiation and progression experimentally (Fleshner et al., 2004;
Venkateswaran et al., 2007; Narita et al., 2008; Llaverias et al., 2010;
Huang et al., 2012; Lophatananon et al., 2010). One of the potentialFig. 2. High fat diet promotes immune cell inﬁltration. A: Immunostaining of smooth muscle ac
and regular fat diet (RFD). Bars=50 μm. B–C: Dot plots showmeans± s.d. of CD45+ leukocytes
N = 8 for each group. D: Bar graph shows means ± s.d. of absolute numbers of individual lineunderlying molecular mechanisms is that adipocytes produce various
cytokines that results in a subclinical level of systemic inﬂammation
(Waki & Tontonoz, 2007). In addition, accumulated fat tissues interfere
with testosterone metabolism, which decreases the ratio of androgentin (SMa) and vimentin (yellow arrows) in prostate tissues of mice on high fat diet (HFD)
(B), T cells, B cells, macrophages, and neutrophils (C) in prostates ofmice onRFD andHFD.
ages in prostate tissues of mice on RFD and HFD. ⁎: p b 0.05; ⁎⁎: p b 0.01; ⁎⁎⁎: p b 0.001.
685O.-J. Kwon et al. / Stem Cell Research 16 (2016) 682–691and estrodiols and leads to prostate inﬂammation throughmechanisms
that are still not completely understood (De Nunzio et al., 2012). There-
fore, the rodent model with high-fat diet represents an alternative and
disease-relevant model for human prostate inﬂammation. In this
study, we take advantage of this model to investigate whether sterile
prostate inﬂammation induced by high fat diet is capable of promoting
basal-to-luminal differentiation and accelerating initiation of prostate
cancer with a basal cell origin.
2. Materials and methods
2.1. Animals, tamoxifen treatment, and diets
All animal work were approved by and performed under the regula-
tion of the Institutional Animal Care Committee of the Baylor College of
Medicine. C57BL/6 mice were from Charles River (Wilmington, MA).
The K14-CreER mice were purchased from the Jackson Laboratory (Bar
Harbor, ME). The mTmG ﬂuorescence reporter mice were from Dr.
Liqun Luo at Stanford University and were internally transferred from
Dr. Jeffery Rosen's laboratory at the Baylor College of Medicine. The
Ptenﬂ/ﬂmice were made by Dr. HongWu at the University of California
Los Angeles. Genotype of mice were veriﬁed by polymerase chain reac-
tion using mouse genomic DNA from tail biopsy specimens. PCR prod-
ucts were separated electophoretically on 1% agarose gels and
visualized via ethidium bromide under UV light. Tamoxifen (Sigma-Al-
drich, St. Louis, MO) was dissolved into corn oil and was administered
into 6-week-old K14-mTmG and K14-Pten-mTmG mice intraperitone-
ally at a dosage of 9 mg/40 g/day for four consecutive days. One week
after the last tamoxifen treatment, mice were randomly divided to
two groups and put on regular fat diet (LabDiet, Brentwood, MO) andFig. 3.qRT-PCR analysis of expression of inﬂammatory cytokines inmouse tissues from the regu
per group. ⁎⁎:p b 0.01, ⁎⁎⁎:p b 0.001.high fat diet (TD.88137, Harlan Laboratories Inc., Indianapolis, IN), re-
spectively, for 4 months.
2.2. Dissociation of primary prostates and ﬂow cytometry
Dissociation of prostate cells and lineage fractionation were per-
formed as described previously (Kwon et al., 2015). For prostate cell dis-
sociation, tissues were incubated with 10% FBS DMEM containing
collagenase/hyaluronidase (StemCell technologies, Vancouver,
Canada) for 3 h at 37 °C, followed by a one-hour incubation in 0.25%
Trypsin–EDTA (Invitrogen, Carlsbad, CA) on ice. Subsequently, cells
were resuspended in dispase (5 mg/mL, Invitrogen, Carlsbad, CA) and
DNase I (1 mg/mL, Roche Applied Science, Indianapolis, IN) containing
media and pipetted for 1 min. Finally, dissociated cells were ﬁltered
through 70 μmcell strainers (BD Biosciences, San Jose, CA) to collect sin-
gle cells. For lineage fractionation, singled murine prostate cells were
stained with FITC-conjugated anti CD31, CD45 and Ter119 antibodies
(eBioscience, San Diego, CA), PE-conjugated anti Sca-1 antibody
(eBioscience), and Alexa 647-conjugated anti CD49f antibody
(Biolegend, San Diego, CA). To analyze population of immune cell in
prostate, dissociated cells were stained with FITC-conjugated anti-
CD45, PE-conjugated anti-CD3, APC-conjugated anti-CD19, Paciﬁc
Blue-conjugated anti-F4/80, and PerCP/Cy5.5-conjugated anti-Ly-6G
(Biolegend, San Diego, CA). The analyses were performed using LSR II
(BD Biosciences, San Jose, CA).
2.3. RNA isolation and qRT–PCR
Total RNA was isolated using the mRNA Kit (Qiagen, Gaithersburg,
MD). Reverse transcription was performed using the superscript Kitlar fat diet andhigh fat diet groups. Bar graphs showmeans± s.d. from4 independentmice
Fig. 4. High fat diet induces basal to luminal differentiation. A: Schematic illustration of the experimental strategy. Tmx: tamoxifen; HFD: high fat diet; RFD: regular fat diet. B:
Coimmunostaining of GFP, K5, and K8 in prostate tissues of mice on RFD and HFD diets. Arrow points to a GFP-expressing luminal cell. Bars = 10 μm. C: Immunostaining of GFP and
P63 in prostate tissues of mice in RFD and HFD groups. White arrows point to GFP+P63+ cells, whereas yellow arrow points to GFP+P63- cells. D: Bar graph shows means ± s.d. of
percentages of K5+, K5+K8+, and K8+ cells in GFP+ cells in RFD and HFD groups. E: Bar graph shows means ± s.d. of percentages of GFP+ cell in basal and luminal cells in RFD and
HFD groups. F: Coimmunostaining of synaptophysin (Syn) and GFP in prostate tissues of mice on RFD and HFD diets. Bars = 10 μm.
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Fig. 5.High fat diet promotes disease initiation and progression in the K14-Ptenmodel. A: Fluorescent images of prostates from tamoxifen-treated K14-Pten-mTmGmice after a 4-month
RFD and HFD, respectively. Dot plot quantiﬁes numbers of GFP foci. B: Table summarizes PIN grades in RFD and HFD groups. C: H&E staining of PIN lesions and coimmunostaining of GFP,
K5, and K8 in prostates of mice on RFD and HFD diets. Bars = 50 μm.
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GreenER qPCR mix (BioRad, Hercules, CA) on a StepOne plus Real-
Time PCR system (Applied Biosystems, Grand Island, NY). The relative
amount of speciﬁc mRNA was normalized to Gapdh. The primers are:
Il-1α forward 5′CAGTTCTGCCATTGACCATC3′, Il-1α reverse 5′TGCAAG
TCTCATGAAGTGAGC3′, Il-1β forward 5′GGATGAGGACATGAGCACCT3′,
Il-1β reverse 5′CGTCACACACCAGCAGGTTA3′,
Il-6 forward 5′GTTCTCTGGGAAATCGTGGA3′, Il-6 reverse 5′TTCTGC
AAGTGCATCATCGT3′, Il-8 forward 5′TCGAGACCATTTACTGCAACA3′, Il-
8 reverse 5′GGAGCATCAGGATCCAAACA3′, Tnf-α forward 5′TCTACTGA
ACTTCGGGGTGA3′, Tnf-α reverse 5′AGGGTCTGGGCCATAGAACT3′.
2.4. Histology and immunohistochemical analysis
Tissues were collected and examined as described previously
(Valdez et al., 2012). Brieﬂy, prostateswereﬁxed in 10% buffered forma-
lin overnight at 4 °C and embedded with parafﬁn. Five μm-sectioned
slides were examined histologically by hematoxylin and eosin. For im-
munohistochemistry, sections were deparafﬁnized, and antigen re-
trieval was performed by steam heating in 0.01 M sodium citrate
buffer (pH 6.0) for 10 min in steamer. Cooled slides were incubated
with 5% normal goat serum (Vector Labs, Burlingame, CA) andwith pri-
mary antibodies diluted in the 5% normal goat serum overnight at 4 °C.
Primary antibodies used were rabbit anti-K5 (#PRB-160P, Covance,
Berkeley, CA), mouse anti-K8 (#MMS-162P, Covance), rat anti-K8
(Troma-1, DSHB, Iowa City, IA), mouse anti-P63 (4 A4, Santa Cruz Bio-
technology, Santa Cruz, CA), rabbit anti-AR (SC-816, Santa Cruz Biotech-
nology), mouse anti-smooth muscle actin (Sigma-Aldrich), rabbit anti-
vimentin (#5741, Cell Signaling Technology, Beverly, MA ), rabbit
anti-Ki67 (NCL-Ki67-P, Novocastra, Newcastle, UK), mouse anti-K14
(LL002, Biogenex, San Ramon, CA), mouse anti-GFP (JL8, Clontech,
Mountain View, CA), chicken anti-GFP (ab13970, Abcam, Cambridge,
MA), rabbit anti-synaptophysin (18-0130, Invitrogen), rabbit anti-
cleaved caspase 3 (#9661, Cell Signaling Technology), rabbit anti-
pAKT (#3787, Cell Signaling Technology). For ﬂuorescence visualiza-
tion, slides were incubated with secondary antibodies (diluted 1:1000
in PBS containing 0.05% tween 20) labeled with Alexa Fluor 488, 594,
or 633 (Invitrogen, Carlsbad, CA). Sections were counterstained with
4,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, St. Louis, MO).
Immunoﬂuorescence staining was imaged via ﬂuorescence microscope
(Olympus BX60, Olympus Optical Co Ltd., Tokyo, Japan) or confocal mi-
croscope (Leica EL6000, Leica Microsystems, Wetzlar, Germany). Cell
counting was performed via Image J Software.
2.5. Statistics
All experiments were performed using 8–10 mice in independent
experiments. Data are presented as mean ± SD. Student's t test was
used to determine signiﬁcance between groups. For all statistical tests,
the 0.05 level of conﬁdence was accepted for statistical signiﬁcance.
3. Result
3.1. High fat diet promotes prostate growth and formation of sporadic mi-
nor prostatic intraepithelial neoplasia
To investigate how high fat diet (HFD) affects prostate biology, we
fed two groups of 6-week-old C56Bl/6 male mice with HFD that pro-
vides 42% of calories from fat and regular fat diet (RFD) that provides
13.4% of calories from fat, respectively, for 4 months. As expected, the
average body weight of mice on HFD is signiﬁcantly heavier than that
of the mice on RFD (Fig. 1A 41.6 ± 3.8 g in the RFD group versus
48.6 ± 4.0 g in the HFD group, p b 0.01). Fig. 1B shows that the average
prostate weight of mice on HFD is 1.53-fold of that of the mice on RFD
(48.8 ± 11.6 mg in RFD versus 74.6 ± 11.5 mg in HFD, p b 0.001). The
increased prostate weight is due to increased cellular masses perprostate (Fig. 1C), suggesting that HFD promotes prostate cell prolifera-
tion. FACS analysis shows that the percentages of basal cells, luminal
cells, and stromal cells in the prostate tissues of the two groups are com-
parable, suggesting an unbiased stimulation of cell proliferation in all
the three cell lineages byHFD (Fig. 1D). Immunostaining of Ki67 further
conﬁrms that the proliferation indices in these lineages are all signiﬁ-
cantly higher than those of their respective control lineages (Fig. 1E). Fi-
nally, H&E staining reveals formation of sporadic PIN1 lesions (arrows,
Fig. 1F) in the prostate tissues of themice on HFD, whereas this is barely
noted in the age-match mice on RFD (Park et al., 2002). Dot graph
shows that HFD group contains 4.3-fold more PIN lesions than control
group (9.3 ± 7.2 in RFD versus 40.0 ± 9.9 in HFD). Collectively, these
data show that high fat diet is capable of promoting prostate cell prolif-
eration and inducing the formation of PIN1 lesions, which is consistent
with previous reports (Ribeiro et al., 2012).
3.2. High fat diet promotes immune cell inﬁltration in the prostate
Fig. 2A shows that mouse prostate epithelial ducts in the RFD group
are encapsulated with a continuous layer of smooth muscle actin
(SMa)-positive cells. Very few cells are positive for both SMa and
vimentin. In contrast, in the HFD group, the SMa+ stromal cell layer
was thicker.We also observed the presence of vimentin positive stromal
cells as well as the cells that are dual positive for SMa and Vimentin
(Fig. 2A), which have been considered as features for reactive stroma
(Barron & Rowley, 2012). FACS analysis reveals that there were more
CD45+ leukocytes in the prostate tissues of the mice on HFD
(10.90 ± 4.18%) than those of the mice on RFD (6.08 ± 0.79%)
(Fig. 2B). Compared with the control group, the percentages of T cells
and B cells among theCD45+ leukocytes increasedwhile thepercentage
of the macrophages decreased (Fig. 2C). However, the absolute num-
bers of CD45+ leukocytes as well as individual immune cell lineages
per prostate were all increased in the HFD group (Fig. 2D). Finally,
qRT-PCR analysis conﬁrmed that the expression levels of several cyto-
kines including Il-1α, Il-6, Il-8 and Tnf-α were all upregulated in the
prostate tissues of the mice in the HFD group (Fig. 3). In summary,
HFD promotes immune cell inﬁltration into the prostate tissues and in-
creases prostatic local concentration of cytokines.
3.3. High fat diet induces basal to luminal differentiation on prostate epithe-
lial cells
Previously, we used a K14-CreER transgenic model and an mTmG
ﬂuorescent reporter line to speciﬁcally label basal epithelial cells with
GFP (Choi et al., 2012). We demonstrated that basal cells only generate
basal cells under the physiological condition but are able to give rise to
luminal cells during prostate inﬂammation induced by uropathogenic
bacterial infection (Kwon et al., 2014). We sought to investigate
whether the sterile inﬂammatory environment induced by HFD can
also promote prostate basal-to-luminal differentiation using the same
approach. As shown in Fig. 4A, 6-week-old K14-CreER;mTmG (K14-
mTmG) bigenic mice were treated with tamoxifen to label K14-
expressing basal cells with GFP. Mice were randomly divided into two
groups and put on RFD or HFD for 4 months (n = 10 per group).
Fig. 4B–D shows that in the RFD group 99.8% of GFP-positive cells
(1111 of 1113 cells) expressed only the basal cell marker K5, which is
consistentwith previous studies showing that adult basal cells only gen-
erate basal cells under the physiological condition (Choi et al., 2012; Liu
et al., 2011; Lu et al., 2013; Wang et al., 2013). In contrast, in the HFD
group, 1.8% of GFP+ cells were due positive for K5 and K8 (27 of 1497
GFP+ cells) and 5.6% of GFP+ cells were luminal cells that only express
K8 (84 of 1497 GFP+ cells). It should be noted that we can only label a
small fraction of basal cells with GFP. Fig. 4E shows that approximately
7.3 ± 1.9% and 7.9 ± 1.8% basal cells are GFP+ in the RFD and HFD
group, respectively. However, the percentage of GFP+ luminal cells in
the HFD group is 39.1-fold higher than that in the RFD group
Fig. 6. High fat diet promotes disease progression in the K14-Pten model. A: Coimmunostaining of GFP and pAKT in prostate tissues of K14-Pten-mTmG mice on RFD and HFD. Bars =
25 μm. B: Coimmunostaining of GFP and Ki67 in prostate tissues of K14-Pten-mTmGmice on RFD and HFD. Bars = 25 μm. Bar graph quantiﬁes the percentage of Ki67+ cells. ⁎: p b 0.05.
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groups expressed the neuroendocrine cell marker synaptophysin
(Fig. 4D). These results demonstrate that high fat diet is capable of pro-
moting some basal cells to differentiate into luminal cells.
3.4. High fat diet accelerates initiation and progression of PIN lesions with a
basal cell origin
We showed previously that prostate cancer developed when the
tumor suppressor Ptenwas disrupted in basal cells and that disease ini-
tiation required differentiation of the basal cells into the luminal cells
(Choi et al., 2012). Bacterial infection induced prostate inﬂammation
is capable of accelerating disease initiation and progression (Kwon
et al., 2014). We sought to determine whether high fat diet-induced
basal cell differentiation could also accelerate prostate cancer initiation
and progression in the basal cell speciﬁc Pten-null model. Brieﬂy, 6-
week-old K14-CreER;Ptenﬂ/ﬂ;mTmG (K14-Pten-mTmG) triple trans-
genic mice were treated with tamoxifen to turn on GFP expression
and inactivate Pten in K14-expressing basal cells. Mice were divided
into two groups and fed with RFD (n = 8) and HFD (n = 9), respec-
tively, for 4 months. Fig.4A shows that there were 2.24 fold more GFP
foci per prostate in the HFD group than in the RFD group (8.63 ± 3.28
GFP foci per prostate in the RFD group versus 19.3 ± 3.01 GFP foci per
prostate in theHFD group).Most of the GFP fociwere at the dorsolateral
lobes, as we have reported previously (Choi et al., 2012). This observa-
tion indicates that HFD promotes disease initiation. In addition, the av-
erage size of the GFP foci in the HFD group was also larger than that in
the RFD group (Fig. 5A). H&E staining revealed that 5 and 3 mice in
the RFD group developed PIN1/2 and PIN3/4 lesions, respectively. Incontrast, 2 and 7 mice in the HFD group developed PIN1/2 and PIN3/4
lesions, respectively (Fig. 5B–C). Consistent with our previous reports,
all PIN lesions mainly contained K8-potitive luminal cells (Fig. 5C).
GFP+ cells within the PIN lesions also expressed pAKT, which implies
that they were originated from the Pten-null basal cells (Fig. 6A).
There were more Ki67-expressing proliferating cells in the GFP foci in
the HFD group than those in the control RFD group (3.57 ± 1.75% in
the RFD group versus 6.86 ± 1.97% in the HFD group) (Fig. 6B). Collec-
tively, these results demonstrate that intake of high fat diet promotes
initiation and progression of PIN lesions in the K14-Pten-mTmGmodel.
4. Discussion
4.1. A concurrent increased cell proliferation with basal-to-luminal
differentiation
Prostate basal cells and luminal cells in adult mice are independent
lineages under the physiological condition. However, basal cells are
functionally plastic and are capable of generating luminal progenies
under certain pathological conditions. For example, we showed previ-
ously that basal cells can give rise to luminal cells during prostate in-
ﬂammation induced by infection from uropathogenic bacteria (Kwon
et al., 2014). A few features of the bacterial infection-induced inﬂamma-
tion are damaged epithelial structures, inﬁltration of immune cells, for-
mation of reactive stroma, and increased epithelial cell proliferation. It
was not clear whether basal-to-luminal differentiation was induced by
speciﬁc molecular signaling associating one or all of these features.
In the current study, we demonstrate that basal-to-luminal differen-
tiation can also be induced under the condition of high fact diet-induced
690 O.-J. Kwon et al. / Stem Cell Research 16 (2016) 682–691sterile prostate inﬂammation. In this sterile inﬂammation model, there
is neither signiﬁcant disruption of epithelial structure nor development
of extensive and prominent reactive stroma. Therefore, these two
events may not play an essential role in inducing basal-to-luminal dif-
ferentiation. In contrast, immune cell inﬁltration and increased epithe-
lial proliferation are both associated with basal-to-luminal
differentiation in these two distinct inﬂammatory models, thereby
may play a more critical role. Inﬂammation and epithelial proliferation
are often associated with each other. For example, immune cells can
generate cytokines and chemokines that directly work on receptors
expressed on epithelial cells and stimulate epithelial proliferation
(Wang et al., 2004). Alternatively, augmented epithelial proliferation
or metabolism could be an event independent of the immune cell inﬁl-
tration. Epithelial cell proliferation could be a direct response to epithe-
lial damage in the uropathogenic bacterial-induced inﬂammation
model. High fat diet can lead to the formation of reactive oxygen species
(Vykhovanets et al., 2011; Naber & Weidner, 2000) and increased
serum levels of insulin and IGF-1, which can directly stimulate prostate
epithelial cell proliferation. Therefore, increased cell proliferation or
changes in cell metabolism appears to be an event that is most relevant
to the increased basal-to-luminal differentiation, whereas it remains to
be determined whether immune cell inﬁltration plays an essential role
in basal-to-luminal differentiation. In agreement with this conclusion,
basal-to-luminal differentiation is often seen in various assays where
extensive epithelial cell proliferation occurs (Xin et al., 2003; Lamb
et al., 2010; Karthaus et al., 2014).
TheWnt signaling is a candidate signaling that drives basal cell pro-
liferation and basal-to-luminal differentiation.Wnt signalingmay be ac-
tivated in the prostate inﬂammation models. For example, Wnt
signaling is activated in response to epithelial tissue damage (Huch
et al., 2013),whereas high fat diet feedinghas been shown to upregulate
β-catenin via inactivation of glycogen synthase kinase-3β in intestine
epithelial cells (Mao et al., 2013). Activation of the Wnt signaling in
prostate basal cells has been shown to promote expansion of transit am-
plifying cells (Shahi et al., 2011). TheWnt signaling agonist R-spondin1
is also necessary for the growth of prostate organoids in vitro (Kwon
et al., 2015; Karthaus et al., 2014). Recently, Lu et al. have shown
using a lineage tracing approach that β-catenin is necessary for basal-
to-luminal differentiation (Lu & Chen, 2015). Future studies are neces-
sary to identify other signaling that plays critical roles in this biological
process.
4.2. Obesity and aggressive prostate cancer
Epidemiological and clinical data have indicated a positive associa-
tion between metabolic syndrome and prostate related diseases. Meta-
bolic syndrome has been shown to be associated with prostate cancer
risk (De Nunzio et al., 2012). Of note, obesity has been shown to be
closely associated with an increased risk for high-grade and advanced
prostate cancer (Allott et al., 2013). Various theories have been pro-
posed to account for these associations (De Nunzio et al., 2012). For ex-
ample, insulin resistance results in elevated fasting serum insulin level
as well as expression of IGF-1, both of which can directly promote can-
cer cell proliferation. In addition, obesity results in a subclinical level of
systemic inﬂammation, which also contributes to tumor cell survival
and proliferation. This has been experimentally demonstrated by
many HFD-based studies (Xu et al., 2015; Huang et al., 2012; Park
et al., 2010; Philip et al., 2013; Huang et al., 2014; Moiola et al., 2014).
The cells-of-origin for prostate cancer has been considered as one of
the factors that dictate the clinical behaviors of prostate cancer (Xin,
2013). Basal cells have been considered as a barrier against local inva-
sion of tumor cells (Gudjonsson et al., 2005). Basal-to-luminal differen-
tiation disrupts the basal cell layer and facilitates invasion of tumor cells
towards peri-glandular spaces. Basal cell-derived prostate cancer has
been shown to be more invasive than that originated from the luminal
cells (Lu et al., 2013), although studies suggesting otherwise also exist(Wang et al., 2013). Our study demonstrates that HFD-induced sterile
prostate inﬂammation can accelerate initiation of prostate cancer with
a basal cell origin by promoting basal-to-luminal differentiation. This
may serve as an alternative and complementary explanation for the as-
sociation between obesity and aggressive prostate cancer.
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